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SUTURE WITH TOGGLE AND DELIVERY
SYSTEM

This 1s a continuation-in-part of patent application Ser.
No. 09/668,327 filed on Sep. 22, 2000, now U.S. Pat. No.
6,245,080, which 1s a continuation of patent application Ser.
No. 09/661,024 filed on Sep. 13,2000, now U.S. Pat. No.
6,319,263 which 1s a continuation of patent application Ser.
No. 09/413,145 filed on Oct. 6, 19991, now U.S. Pat. No.
6,206,895 which 1s a regular patent application based upon

provisional patent application Ser. No. 60/143,555 filed on
Jul. 13, 1999.

BACKGROUND OF THE INVENTION

In order to pass a suture through a tubular organ or other
structure 1 a body (a human body or an animal), it is
necessary to traverse the bodily structure, tissue or organ
completely and encircle the areca where the physician or
medical technician wishes to place the suture. This traverse
and encircle method works well in situations where easy
access 1s available to the structure, tissue or organ and the
item to be sutured 1s easily viewed by the physician. In
limited access situations (for example, in laposcopic surgery,
cardiac surgery and vascular surgery), the traverse and
encirclement by sutures 1s often times difficult, dangerous
and at other times 1impossible.

As a further example, an attempt to suture a blood vessel
through a small puncture wound 1s almost impossible. The
direct suture of the arterial puncture 1s not possible.

The increasing utilization of minimally invasive surgical
techniques has created a need for improved methods, suture
systems and suture placement devices under adverse condi-
fions of limited access and limited visibility of the suture
site.

U.S. Pat. No. 5,053,046 to Janese discloses a dural sealing,
needle. The dural sealing needle includes a gelatin sealing
compound that swells and sits between an 1impact cone
cavity and an 1impact cone protrusion. Wings spread out
based upon the swelling of the gelatin seal and assist 1n the
retention of the suture seal. U.S. Pat. No. 5,860,990 to
Nobles et al. discloses a suturing device which includes
sutures having needle points at terminal ends of the suture
wire. The sutures are made of NITINOL memory shape
metal material. When the memory shape metal 1s freed from
the lumen of a needle, the needle points, at the terminal ends
of the metal sutures, flare out laterally beyond the lumen of
the needle and the needle points are captured by suture
catches which are also laterally disposed outboard of the
needle. The catches pull the needle points and draw 1n the
sutures.

U.S. Pat. No. 4,744,364 to Kensey discloses a tubular
body at the end of a suture thread which expands after being,
pushed out from the lumen of a delivery needle. In the
lumen, the body 1s contracted or compressed. U.S. Pat. No.
4,741,330 to Hayhurst discloses an apparatus for anchoring
cartilage. The anchor 1s deformed m the lumen of a delivery
tube, 1s thereafter pushed from the tube and springs laterally
outward upon exiting the tube.

U.S. Pat. No. 4,705,040 to Mueller et al. disclose a
T-shaped bar, having a length of 0.25 inches, at the end of
a suture. The bar 1s held 1n place by a melted ball of material
at the terminal end of the suture.

OBJECTS OF THE INVENTION

It 1s an object of the present invention to provide a suture
which can be self secured on a bodily structure, tissue,
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organ, bodily substructure or vascular vessel wall with a
toggle at the terminal end of the suture.

It 1s another object of the present mvention to provide a
ogenerally T-shaped toggle which latches on an interior or
inboard surface of a bodily structure, tissue, organ, bodily
substructure or vascular vessel wall thereby permitting the
balance of the suture to be drawn 1n and wherein the toggle
orasps the bodily structure, tissue, organ, bodily substructure
or vascular vessel wall.

It 1s a further object of the present invention to provide a
toggle configured as a bar at the end of a suture.

It 1s another object of the present mvention to provide a
metal wire suture with a T-shaped toggle or a toggle wire
clement attached to the terminal end of a suture wire.

It 1s a further object of the present invention to provide a
suture and a suture toggle wherein the suture toggle includes
a protruding leg or tab which 1s utilized by a needle delivery
system to insert the suture toggle into the bodily structure,
tissue, organ, bodily substructure or vascular vessel wall.

It 1s a further object of the present invention to provide a
suture delivery system including a slotted needle, within
which 1s seated the leg or tab of the suture toggle, which
assists 1n the process of inserting the suture toggle 1nto the
bodily structure, tissue, organ, bodily substructure or vas-
cular vessel wall.

It 1s another object of the present mvention to provide a
self-securing suture with a suture toggle which can be used
for mimimally 1nvasive surgical techniques.

It 1s another object of the present invention to provide a
suture delivery system capable of delivering one or more
self-securing sutures with suture toggles and which can be
used for mimimally 1nvasive surgical techniques.

It 1s a further object of the present invention to provide a
suture delivery system capable of delivering and embedding
sutures 1nto a bodily structure, tissue, organ, bodily sub-
structure or vascular vessel wall when access to the suture
delivery site 1s limited to approaching the site at an acute
angle.

It 1s a further object of the present invention to provide a
suture delivery system and toggle sutures utilized 1n lapo-
scopic procedures.

It 1s a further object of the present invention to provide a
suture delivery system which can be safely used to embed
sutures 1nto a bodily structure, tissue, organ, bodily sub-
structure or vascular vessel wall during minimally 1invasive
surgical techniques.

It 1s a further object of the present invention to provide a
suture delivery system which can be safely used to set
sutures 1nto a bodily structure, tissue, organ, bodily sub-
structure or vascular vessel wall, and which provides the
health care provider utilizing the system measured control
over the insertion of the sutures into the aforementioned
bodily area.

SUMMARY OF THE INVENTION

The suture delivery system utilizes two sutures. Each
suture has a filament body and a toggle bar. The delivery
system 1ncludes an elongated central tube with two needle
retainer guides and a cam distally disposed on the central
tube. The needles have piercing needle ends and each needle
end carries a respective toggle bar for a suture disposed
thereon. A movable member, longitudinally movably
mounted on the central tube, 1s coupled to the needles. The
needles are movably disposed 1n respective needle retainer
ouides. An actuator 1s coupled to the movable member such
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that when the actuator longitudinally moves the movable
member over the central tube, the needles, mitially captured
by the needle retainer guides, extend outward such that the
needle ends move over the cam. In a further embodiment,
the actuator includes a first user actuation surface coupled to
the movable member and the central tube includes a second
user actuation surface which 1s generally static. In a further
embodiment, a locking member disposed on the second user
actuation surface can be secured to the first user actuation
surface to lock the delivery device with the needles 1n an
extended position. As a further enhancement, each needle
end includes a slot to capture the respective toggle bar
thereat and the needle retainer guide includes an aligned slot
such that the toggle bar extends through the needle end slot

and the needle retainer guide slot. The cam may take one of

a variety ol shapes. Essentially, the needle ends splay
outward and forward, distally over the cam. In a preferred
embodiment, the movable member 1s biased with respect to
the central tube (that is, the first user actuation surface is
biased with respect to the second user actuation surface)
such that the delivery system 1s biased to place the needles
in the proximal position and the needle ends are substan-
tially captured i1n the needle retainer guides. In a further
embodiment, the needle ends are longitudinally offset. In
another embodiment, movable blades are disposed on the
movable member, enabling the user to cut the suture threads
during use of the suture delivery device. Another embodi-
ment utilizes a flexible, elongated introducer at the distal end
of the central tube. A method for embedding sutures 1n a
vascular wall or other biological substructure i1s also
included.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present invention
can be found in the detailed description of the preferred
embodiments when taken 1n conjunction with the accompa-
nying drawings 1n which:

FIGS. 1A and 1B diagrammatically illustrate a suture with
a suture toggle;

FIGS. 2A and 2B diagrammatically illustrate a suture
delivery needle with and without the suture toggle;

FIGS. 3A, 3B, 3C, 3D and 3E diagrammatically illustrate
the 1nsertion and deployment of the suture toggle and, more
particularly, FIG. 3E generally diagrammatically illustrates
the size relationship between the suture toggle and a typical
large artery 1n a human body;

FIGS. 4A, 4B and 4C diagrammatically illustrate a suture
delivery system needle, a suture toggle and a modified
delivery system;

FIGS. 5A-5F diagrammatically illustrate various protrud-
ing legs, tabs and other elements protruding from the suture

toggle which assist in deployment of the suture toggle 1n the
bodily structure;

FIGS. 5G and 5H diagrammatically illustrate various
suture toggles with depending tabs;

FIG. 6 diagrammatically illustrates a suture having two
terminal ends and two suture toggles;

FIG. 7 diagrammatically illustrates a suture with two
suture toggles, at both terminal ends of a suture thread,
deployed about an arterial puncture site;

FIGS. 8A-8C diagrammatically illustrate other suture
toggles;

FIGS. 9A-9D diagrammatically illustrate a suture deliv-
ery system with and without a suture toggle;

FIGS. 10A and 10B diagrammatically illustrate the
deployment of the suture toggle illustrated in FIG. 8A;
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FIGS. 11 A, 11B and 11C diagrammatically i1llustrate other
types of tabs protruding from suture toggles;

FIG. 12 diagrammatically 1illustrates a suture toggle
deployed 1n a suture delivery needle;

FIGS. 13A and 13B diagrammatically illustrate a suture
togele configured as a cylinder with a protruding side leg;

FIG. 13C diagrammatically 1llustrates a suture toggle
configured as an angled T-bar deployed 1n a needle;

FIGS. 14A and 14B diagrammatically 1llustrate one deliv-
ery system for the suture and suture toggle utilized in
conjunction with mimimally 1nvasive surgery;

FIGS. 15A and 15B diagrammatically 1illustrate front and
side views of the suture delivery needle;

FIGS. 16A, 16B and 16C diagrammatically 1llustrate

various configurations of the needle retention body or struc-
ture;

FIG. 16D 1s a cross-sectional view of the delivery system
from the perspective of section line 16D'-16D" in FIG. 14A;

FIG. 17 diagrammatically 1llustrates an arterial puncture
site 1n a large artery in a human;

FIG. 18 diagrammatically illustrates another type of
suture delivery system;

FIG. 19 diagrammatically illustrates an exploded view of
the suture delivery system shown 1n FIG. 18;

FIGS. 20A, 20B, 20C and 20D diagrammatically 1llus-

frate cross sectional views of the delivery system shown in
FIG. 19 from the perspective of the corresponding section

lines 1n FIG. 19;

FIGS. 21A-21F diagrammatically 1llustrate various con-
figurations of wire sutures and wire toggle elements;

FIGS. 22A-22D diagrammatically illustrate needle deliv-
ery systems for the wire suture toggles;

FIGS. 23A-23C diagrammatically illustrate a laproscopic
device for the suture toggle delivery system and FIG. 23D
1s a cross-sectional view of a suture wire capture system
(similar capture systems may be used with suture threads on

the delivery systems in FIGS. 14A and 18);

FIGS. 24A-24C diagrammatically illustrate major opera-
tional steps to deploy suture toggles during laproscopic
surgery with the delivery system shown 1n FIG. 23A;

FIGS. 25A, B, C and D diagrammatically illustrate a
hooked wire suture;

FIG. 26 diagrammatically 1llustrates another embodiment
of a suture delivery system;

FIG. 27A diagrammatically illustrates a suture delivery
needle with a slot at its piercing end;

FIG. 27B diagrammatically illustrates a needle retainer
cuide used to capture a suture delivery needle;

FIGS. 28A, 28B and 28C diagrammatically illustrate a
suture delivery system positioned adjacent a vascular wall
prior to delivery of the sutures, and, more particularly, FIGS.
28B and 28C generally diagrammatically illustrate a suture
delivery system with offset needles;

FIG. 29A diagrammatically illustrates an enlarged cross-
sectional view of the delivery end or distal end of the suture
delivery system with 1ts suture delivery needles retracted
and shows one needle with a suture and toggle bar disposed
thereat;

FIG. 29B diagrammatically 1llustrates one embodiment
for the shape of the cam protruding from the delivery end of
the suture delivery system;

FIG. 30 diagrammatically 1llustrates another embodiment
of the suture delivery system;
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FIG. 31 diagrammatically illustrates a further embodi-
ment of the suture delivery system;

FIG. 32 1s a partial, cross-sectional, detail view of the
suture delivery system generally from a portion of the
perspective of section line 32'-32" 1 FIG. 31;

FIG. 33A 1s a cross-sectional view of the suture delivery

system generally from a portion of the perspective of section
line 33A'-33A" in FIG. 31;

FIG. 33B 1s a cross-sectional view of the suture delivery

system from the perspective of section line 33B'-33B" 1n
FI1G. 31;

FIG. 34 diagrammatically illustrates aperspective view of
the suture delivery system in FIG. 31 (and also shows a
flexible tip introducer);

FIGS. 35, 36, 37, 38 and 39 diagrammatically illustrate

the proximal end of an alternative embodiment of the suture
delivery system, and more particularly, FIG. 35 provides an
exploded view and FIG. 36 a cross-sectional view of FIG.

37;

FIG. 38 1s a cross-sectional, detail view of the proximal
end of the alternative suture delivery system from the
perspective of section line 38' in FIG. 37;

FIG. 39 1s a partial side view of an alternative embodi-
ment of the suture delivery device including a locking
member; and

FIG. 40 1s a partial perspective view of the alternative
embodiment shown 1n FIG. 39.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention relates to self-securing sutures, that
1s, sutures having toggles at the suture’s terminal end, and
various suture delivery systems.

FIGS. 1A, 1B, 2A and 2B diagrammatically illustrate

sutures having toggles at the terminal end and a needle
delivery system used in conjunction with the suture toggles.
FIGS. 14A, 18, 28B, 31 and 34 diagrammatically illustrate
simple delivery systems for the suture toggles. FIGS. 21A,
B, C, D, E and F show wire suture toggles and FIG. 23A
shows a delivery system for laproscopic surgery or other
type of surgery wherein the surgeon seeks to suture fascia.

GENERAL PRINCIPLES

By utilizing the toggle principle, 1t 1s possible to enter the
bodily structure, tissue, organ, bodily substructure or vas-
cular vessel wall, and fix one end of a suture to the bodily
structure, tissue, organ, bodily substructure or vascular ves-
sel wall, without encircling the area. If two separate toggle
sutures are fixed 1n this fashion, it becomes possible to tie
those sutures with ease without the need for blind encircle-
ment of the area 1n question. The increasing utilization of
minimally invasive surgical techniques and arterial puncture
site repair has created a need for improved methods of suture
placement under adverse conditions of visibility and access.

The toggle principal lends itselfwell to the placement and
fixation of sutures, ligaments, etc. In this approach, a suture
or wire or other flexible attachment or closure device 1s
passed through or into the tissue in a closed state. The
“closed state” refers to the suture toggle deployed in the
needle. Upon applying tension after the toggle leaves the
needle tip, the toggle 1s positioned so that 1t cannot retrace
the path through which it was applied or inserted by virtue
of the fact that its shape and position will no longer allow
egress from the bodily structure or tissue. Structures such as
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sutures or ligaments attached to the toggle are thereby fixed.
One general embodiment of this invention consists of a
T-shaped attachment to the end of a suture filament of either
the same or different biocompatible material. The T bar 1s
stiffer than the suture line, filament, thread or wire and offers
significant resistance to extraction from the bodily structure
once deployed. The suture toggle design in fine wire allows
the 1nsertion of the toggle, but restricts the egress from the
tubular structure. With respect to wire sutures, provision 1S
made for the applying or delivery device to secure both
wires together and close the defect by shortening the wire by
the simple, but effective, expedient means of twisting the
instrument and 1ts contained wires to secure them together.
Provision 1s made to score the wires at the appropriate
location so that the wires divide or separate upon twisting
with a small, but secure, stub of twisted wire. In the
alternative, a twisting and cutting instrument can be shd
down the two opposing wires after the applicator 1s removed
and the wires retained. This mstrument would permit twist-
ing and subsequent cutting of the wires 1n a blind procedure.

BASIC DETAILS OF OPERATION

he applying device or delivery system consists of a small
hollow core needle which allows 1t to be passed over a guide
wire which has been retained at the puncture site. The
delivery system contains two small hollow needles 1n oppo-
sition at just the right distance on either side of the guide
wire and, thus, the puncture site. In another iteration, the
needle can be solid with hollow small toggle suture ends
fitted over the needle rather than through them. In the first
design, the needles are designed to contain the toggles and
the wire or sutures. When the instrument 1s slid over the
ouide wire and through the skin incision site of puncture 1t
1s advanced until 1t 1s against the vessel or structure sought
to be closed by a suture. In the case of a vein or artery, a
“flashback tube” can be utilized in advance of the needles to
demonstrate that the instrument 1s 1n the proper position. In
addition, the length and design of the “flashback tube™ 1s
such that 1t protects the far wall of the structure, preventing
togeling of two walls simultaneously. The core or central
tube can be utilized as a flashback tube, or the central tube
can be solid with a flashback tube either incorporated
internally or mounted onto 1ts surface. The claims appended
hereto are meant to cover this solid core tube feature. The
restricted length of the hollow needles also protects opposite
walls of the artery or vein. A slide moves the two needles
distally and then advances the needles through the vessel or
structure wall until the toggles are deposited 1n the blood
vessel with their trailing suture filament or wire leading from
the vessel. The hollow needle also acts as a flashback tube
bilaterally. The shape of the toggle, as designed, prevents
coress from the vessel and traction on the wire or suture
“sets” the T of the toggle flush against or i1n the structure
wall. The suture 1s then tied or the wire twisted as appro-
priate.

Different toggle designs are provided as shown 1n the
accompanying drawings. In this fashion, puncture wounds
or other defects may be easily closed utilizing simple and
inexpensive devices. The cost of complicated closure
devices has been a deterrent to the universal acceptance of
these previous devices. The utilization of a simple, 1nexpen-
sive disposable device should remove many of the 1mpedi-
ments for universal useage. The concept of toggling sutures
for closure 1s new, safe and simple to use.

In one of the embodiments presented here, fine, partially
annealed wire sutures are utilized to simplify the process by
permitting fastening by simple twisting of the wires by the
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instrument, instead of having to resort to complex methods
of tying. Scoring the wires at the appropriate distance allows
them to break with twisting at a predetermined location
leaving only a small wire stump on top of the structure.

Any biocompatible material for the suture and suture
toggle may be used such as stainless steel wire, nylon
sutures, or other synthetic biocompatible material. The
methods of tying the sutures may vary with the materials
used, but the toggling principle remains the same.

FIGS. 1A and 1B diagrammatically illustrate a suture 10
having a suture thread or suture body 12, a terminal end 13
and a toggle 14. FIG. 1B shows a side view of suture toggle
system 10. In the illustrated embodiment, toggle 14 1is
ogenerally a solid rectangular shape having a length 1, a
width w (FIG. 1B) and a depth d. The width w of the toggle

14 1s substantially similar to the outside diameter of the
suture thread 12 as shown in FIG. 1B. Toggle 14 has

chamfered ends and edges, one of which 1s chamier edge 135.
This chamfer reduces sharp edges. Further, toggle 14
includes an extending leg 16 protruding outboard away from
terminal end 13 of suture 12. Extending leg 16 defines, in
combination with toggle body element 18, an open catch
mouth 20 leading to a narrower throat 21. Mouth 20 has a
gap size large enough to be captured by a slot 1n the delivery
needle discussed later. Leg 16 protrudes 1mn a direction
opposite the attachment of suture 12 to toggle 14.

FIGS. 2A and 2B diagrammatically show a suture deliv-
ery system 8 which includes needle 24 having a lumen 26,
a piercing terminal end 28 and an open ended slot 30. Open
ended slot 30, sometimes called a needle toggle slot herein,
1s open at the piercing end segment 28 of needle 24. In the
illustrated embodiment, piercing terminal end segment 28
(typically a sharp edge) of needle 24 1s angularly disposed
with respect to the axial center line of needle 24.

Toggle suture system 10 1s shown as disposed in lumen 26
of needle 24 in FIG. 2B. Suture toggle 14, and particularly

protruding leg 16, 1s adapted to seat within slot 30 of needle
24.

FIGS. 3A-3D diagrammatically illustrate basic opera-
fional characteristics of suture toggle system 10. Similar
numerals designate similar 1items throughout all the draw-
ings. In FIG. 3A, suture delivery system 8, consisting of
needle 24 loaded with suture 12 and suture toggle 14,
approaches a bodily structure, tissue or organ wall 31. As an
example throughout the drawings (excepting drawings FIG.
24A-24C), reference will be made to arterial wall 31.
However, any type of bodily structure, tissue, organ, bodily
substructure or vascular vessel wall may be sutured using
the suture toggle system 10 discussed heren. Wall 31 1is
representative of other bodily structures tissues and organs.
Delivery system 8 approaches arterial wall 31 as shown by
arrow 33. Piercing end 28 of needle 24 ultimately pierces
and enters arterial wall 31.

FIG. 3B diagrammatically shows that needle 24 has fully

entered and passed through arterial wall 31. At this point in
fime, blood flow 1s noted by a “flash” from the lumen 26 of
needle 24. Other “flashback” systems may be utilized. See
central tube 62 in FIG. 14A. This flash of blood provides a
visual indication to the physician that the needle 24 has fully
penetrated 1nto the lumen of the artery or other structure.

In FIG. 3C, the physician 1s withdrawing needle 24 and

protruding leg 16 of toggle 14 1s caught on the inboard
surface of arterial wall 31. In FIG. 3D, needle 24 1s with-

drawn from arterial wall 31 and toggle 14 and suture 12 1s
self secured 1n artery wall 31.

FIG. 3E diagrammatically illustrates the general propor-
tional size relationship between artery wall 31, the artery in
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ogeneral, toggle 14 and suture 12. To further illustrate one
proposed embodiment of the suture toggle, the following
Exemplary Dimensional Table 1s provided.

Exemplary Dimensional Table

head length 0.10-0.12 mm (approx.)

head depth 0.020 mm (approx.)

OD suture 3/0 nylon

suture length 45 cm (approx.)

head width 0.10-0.012 mm (approx.)
gap 0.008 mm or more (approx.)

0.028 mm OD (approx.)
0.023 mm ID (approx.)
21 gauge

about 7 mm ID (approx.)

typical delivery needle

large artery size

FIG. 4A diagrammatically illustrates suture togele 14 and
suture thread 12 disposed 1n needle 24. Protruding leg 16 1s
also disposed 1n slot 30. However, suture thread 12A 1s
disposed outside of needle lumen 26. This 1s accomplished
by providing a secondary slot 34 within which passes suture

thread A. Secondary slot 34 1s sometimes referred to herein
as a suture slot 1n the needle.

FIG. 4B diagrammatically shows open ended suture slot
34 at terminal end 29 of needle 24. Terminal end 29 of

necedle 24 1s part of piercing terminal end 28. In the
illustrated embodiment, suture slot 34 1s opposite toggle slot
30 which retains, 1n a loaded mode, protruding leg 16 of
suture toggle 14. The position of the suture slot relative to
the toggle slot varies dependent upon the position of the
protruding leg, tab, wire element or loop on the suture
toggle.

FIG. 4C diagrammatically shows needle 24 within which
1s loaded suture toggle 14. Protruding leg 16 protrudes
towards suture thread 12A. In this illustrated embodiment,
slot 30 also operates as a suture slot. In addition, needle 24
includes rib 36 which enables the suture needle to be

mserted into the blood vessel 31 by a pushing 1n action.

FIGS. 5A through SH diagrammatically illustrate various
modifications of suture toggle 14. FIG. 5A diagrammatically
illustrates suture toggle 14 having a protruding leg 16 which
protrudes outboard from the toggle opposite suture thread
12. Particularly, toggle 14 1s a toggle bar. As used herein, the
term “toggle” refers to a piece or a device for holding or
securing suture thread 12. The term “toggle” also encom-
passes the concept that 1t 1s a cross piece attached to the end
of suture thread 12 1n order to prevent slipping or removal
of the suture. The following Bar Shape Table provides some
illustrative examples of the geometric shape of the toggle

bar.

Bar Shape Table

a straight piece of suture material which 1s longer than 1t 1s wide
rectangular

oblong

elliptical

an elongated cylinder

As used herein, the term “bar” refers to a straight piece
which 1s longer than 1t 1s wide. As shown 1n FIG. SA, leg 16
1s formed from a partially separated segment of toggle bar
14. Remaining segment 18 continues to form part of the
toggle bar basic shape.

FIG. 3B shows a depending protruding leg 38 which
protrudes 1nboard toward suture thread 12. Leg 38 1s cut
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away or formed from toggle bar segment 39. Leg 38 1s
retained by and captured within open ended toggle slot 30 of
needle 24. Gap 20 between leg 38 and toggle remainder
section 39 1s one of the important features.

FIG. 5C diagrammatically illustrates toggle suture 14
including a tab 40 depending from inboard surface 41 of
suture toggle 14. Inboard surface 41 i1s integral with or
attached to suture terminal end 13. Surface 41 1s mboard
with respect to suture filament or thread 12.

FIG. 5D diagrammatically shows tab 40 depending
toward suture thread 12. FIG. 5D shows tab 40 consisting of
either a solid triangular body, a finger or a conical body. The
width of tab 40 1s smaller than suture toggle 14. Protruding,
tab 40 has a raised terminal edge 42, see FIG. SE, which
faces away from suture thread 12. Tab 40 coacts with open
ended slot 30 of suture delivery needle 24 (see for example
FIG. 4B). The tab fits in toggle slot 30. In a different
embodiment, suture slot may be placed 90 degrees from
toggle slot 30 (see FIG. 9C) to provide clearance of the tab
from the thread during withdrawal of needle 24.

FIG. 5F diagrammatically illustrates suture toggle 14
carrying two tabs 40, 43 depending from inboard surface 41
of suture tab 14.

FIG. 5G diagrammatically shows tab 40 as a solid trian-
ogular body. Suture toggle 14 1s also a solid rectangular body
without chamfered edges.

FIG. 5H diagrammatically illustrates suture toggle 14
from the perspective of section line SH'-5H" 1in FIG. 5G. Tab
40 has a raised terminal edge 42 which faces towards suture
thread 14. Accordingly, the tab can either face away from
suture thread 12 as 1n FIG. 5E or towards suture thread 12
as m FIG. SH.

FIG. 6 diagrammatically shows suture toggles 14 and 144
disposed at opposite terminal ends of suture thread 12.
Suture thread 12 has a length 1s which 1s, 1n one
embodiment, about 16—18 inches. FIG. 6 also shows that
suture togele 14 has been deployed beneath body layer 31.

FIG. 7 diagrammatically shows deployed suture toggles
14 and 14a on blood vessel wall 31. The suture toggles are
deployed beneath arterial wall 31. Arterial wall 31 1s 1llus-
trated as having arterial puncture site 44. Suture toggles tabs
14, 14a are deployed on either side of puncture side 44.
Suture thread 12 connects suture toggles 14, 14a. In
operation, the surgeon or physician ties off suture thread 12
thereby closing arterial puncture site 44.

FIGS. 8A, 8B and 8C diagrammatically illustrate suture
togele 14 with a protruding leg 16 along one side.
Particularly, FIG. 8A diagrammatically shows suture toggle
14 as a toggle bar with chamfers along its side edges. One
of the chamfers 1s 1dentified as chamfer 15. A protruding leg
16 1s formed by partly separating togele 14 from remaining
toggle segment 18. This creates an open mouth 20 which 1s
disposed 1n the toggle slot in needle 30. See FIG. 2A.

FIG. 8B shows a top view of suture toggle 14 and clearly
shows that protruding and extending leg 16 1s formed by
partially separating leg 16 from the remaining toggle body
portion 18.

The generally solid body rectangular toggle bar 14 has
sides 2, 3, 4 and 5 which are generally 1n parallel planes with
respect to the axial centerline of suture thread 12 if the
thread were laid out straight. Items protruding from toggle
bar walls 2, 3, 4, § are normal (perpendicular) to the suture

thread.
FIG. 8C shows a toggle end view and toggle mouth 20.

FIGS. 9A-9D show needle 24 with and without a retained
togele suture. FIG. 9A shows toggle slot 30 in needle 24
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located approximately midway along piercing terminal edge
28 of needle 24. The toggle slot can be re-positioned
dependent upon the size of the suture, the leg or tab, and the
item to be sutured. FIG. 9B also shows toggle slot 30 of
needle 24 approximately midway along needle piercing edge
28. FIG. 9B also shows suture togele 14 deployed 1n toggle
slot 30. Suture thread 12 runs or passes through the lumen

26 of needle 24.

In FIG. 9B, slot 30 retains protruding leg 16 which
protrudes from side edge 5 of the toggle bar. The side edge

protruding leg 16 1s shown 1n FIGS. 8A-8C. Leg 16 pro-
trudes normal or perpendicular to suture thread 12.

FIG. 9C shows needle 24 having toggle slot 30 and suture
thread slot 34. Suture thread slot 34 1s formed or created

approximately 90 degrees from toggle slot 30.

FIG. 9D shows suture togele 14 with a side end protrud-
ing leg 16 wherein suture thread 12 runs through suture slot

34 of needle 24.

FIG. 10A shows suture toggle 14 deployed 1n arterial wall
31

FIG. 10B 1s a detailed view showing suture toggle 14
deployed on an 1inboard surface of arterial wall 31. Currently,
it 1s believed that the toggle bar with a leg or tab protruding
from bar side 2, 3, 4 and 5 1s preferable.

FIG. 8B shows toggle bar 14 with side surfaces 2, 3, 4 and

5. It 1s currently believed that a tab or leg protruding from
onc ol the side surfaces 1s better suited than an outboard
extending tab or leg (see FIG. 5A) or a depending tab or leg
(see FIG. 5B). The depending leg or the depending tab may
injure an arterial 31 1n certain situations. When toggle
anchoring 1s required, the depending leg or wire 1s preferred.
An upstanding or outboard tab or leg may impede blood
flow. However, 1n some applications, these tab-leg configu-
rations may be beneficial if 1t achieves better attachment by
the suture toggle on the body structure, tissue or organ. A
side leg or tab 1s currently thought to be better than an
outboard leg or tab (see outboard leg 16 in FIG. 1A) because
an outboard protruding leg or tab may further complicate
and 1mpede blood flow or fluid flow through the bodily
structure, tissue or organ, particularly if the structure is an
artery or a vein.

FIG. 11 A diagrammatically shows suture toggle 14 hav-
ing a protruding tab 40 protruding from side surface 5 of the
toggle bar.

FIG. 11B shows protruding legs or arms 50, 51 protruding
from side surface 5 of toggle bar 14. A plurality of legs or
tabs may be utilized. FIG. 11C shows toggle 14 with a
ogenerally planar triangular tab 40 protruding from side face
5. Tab 40 in FIG. 11A 1s generally conical 1n structure with
squared off surfaces. Tab 40 in FIG. 11C 1s generally a planar
triangle.

FIG. 12 shows suture toggle 14 with a triangular tab
deployed within the lumen of delivery needle 24. Tab 40 of
togele 14 protrudes from toggle slot 30. Suture 12 1is
deployed such that 1t exits lumen 26 of needle 24 near
proximal edge region 52 of piercing terminal edge 28 of
needle 24. Proximal region 52 may be rounded or smoothed
to avoid cutting suture thread 12.

FIG. 13A and 13B diagrammatically illustrate suture
toggle 14 configured as a cylindrical bar with a laterally
protruding leg 16. Leg 16 1s also cylindrically shaped and
protrudes laterally from toggle bar element 18. Leg 16 1s
ogenerally normal to suture thread 12. Leg 16 1s not cut from
or separated from the cylindrical toggle bar.

FIG. 13C diagrammatically 1llustrates toggle bar 14 at an
angle 9 with respect to the axial centerline of suture thread
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12. In this configuration, the acute angle 7 between angled
toggle bar 14 and suture thread 12 1s disposed within suture
slot 30 of needle 24. This angulated configuration may
enable long T-shaped bar deployment in needle 24. The term
“long T-shaped” refers to the length of sides 3,5 (see FIG.
8B) relative to the cross-sectional dimension of suture thread
12. This implementation may also avoid the use of protrud-
ing legs, tabs or members.

FIGS. 14-20 diagrammatically illustrate various suture
delivery systems.

FIG. 14A diagrammatically shows suture delivery system
60 which includes a basic or central tube 62 which runs over
a guide wire 64. Guide wire 64 typically 1s not part of the
suture delivery system. The illustrated delivery system 1n
FIG. 14A 1s used to close puncture wounds made during
catheterization. Guide wires 64 are used during such medical
procedures. For purposes of explanation, suture delivery
needles 66, 68 carry suture toggles and suture threads

generally shown and discussed earlier in connection with
FIGS. 1-13.

FIG. 15A shows suture needle 66 having a piercing edge

67 and a toggle slot 69. FIG. 15B diagrammatically 1llus-
frates a side view of suture needle 66.

Returning to FIG. 14A, base tube 62 rides over guide wire
64 1n order to properly place suture needles 66, 68 on either
side of arterial puncture 44 shown in FIG. 7. Suture needles
66, 68 have piercing ends 67, 67a which are laterally
deployed a distance 69 from base central tube 62. In this
suture delivery system, suture needles 66, 68 are made of
metal having a shape memory such that when needle end
scgment 70 1s free from needle containment or retaining
structure 72, the distal ends of needles 66, 68 spring laterally
outward a distance 69.

Needles 66, 68 run and protrude through needle retainer
body 72 and also protrude proximally from proximal end 74
of retainer 72 towards thumb nut set 76. Proximal needle

ends 75, 77 for needles 66, 68 are generally near thumb nut
set 78.

Needle retention structure 72 has a proximal tube member
80 such that tube 80 runs over central tube 62. The operator
moves needle retainer structure 72 by moving thumb nut set
78 1n the direction shown by arrow 82. As shown i FIG.
16D, proximal tube 80 (attached to needle retainer body 72)
has longitudinal slots 73a, 73b. Needles 66, 68 are attached
to base or center tube 62. Hence, when tube 62 1s stationary
and needle retainer 72 1s moved, needles 66, 68 are either
exposed (FIG. 14A) or fully retained and covered (FIG.
14B).

FIG. 14B shows that needle retaining structure 72 has
been pushed forward such that proximal ends 75, 77 of
needles 66, 68 are proximate or near thumb nut set 78.
Piercing edges 67, 67a are disposed at, near or below distal
cdges 79, 81 of needle retention structure 72. When the
structure delivery system 60 1s placed on guide wire 64 and
placed near arterial puncture site 44 (FIG. 17), thumb nut set
78 (mounted on tab 80 and retainer 72) is then withdrawn in
a direction opposite arrow 82 1n FIG. 14 A, and distal end 70
of needles 66, 68 arc then exposed and sprung laterally
outward due to the memory shape of the needles. The
surgeon then places the distal end of tube 62 into arterial
puncture 44 (FIG. 17) and continues to move delivery
system 60 down guide wire 64 until he or she sees a flash of
blood when piercing ends 67, 67a of needles 66, 68 pierce
arterial wall 31. A flashback may also occur through base
tube 62. Toggle 1nsertion generally occurs at sites 83, 85
(FIG. 17). The surgeon then withdraws the needles thereby

10

15

20

25

30

35

40

45

50

55

60

65

12

leaving the toggle ends of the sutures on the inside arterial
wall 31. The surgeon can then close the arterial puncture
after removal of guide wire 64 1n a manner described above
in connection with FIG. 7.

FIGS. 16A, 16B and 16C show different structures for
needle retention structure 72. In FIG. 16A, retention struc-
ture 72 1s generally circular in configuration. The structure
contains left and right passages 82, 84 within which pass

needles 66, 68. A central passage 86 permits passage of base
tube 62.

FIG. 16B, needle retention structure 72 1s elliptical or
oblong. In FIG. 16C, needle retention structure 72 includes
a central cylindrical body 88 and two side bodies 90, 92.
Side body 90 has a lumen through which passes needle 66.
Side body 92 includes a lumen through which passes needle

68. Central body 88 includes a lumen through passes central
or base tube 62.

FIG. 17 shows that a typical size of the large artery having,
dimension da which 1s approximately 7 mm (inside
diameter) and puncture site 44 has an approximate opening
size ap of approximately 2-3 mm. The lateral distance
between respective piercing edges 37, 37a of needles 66, 68
1s approximately 5—6 mm. The lumen of the suture toggle
delivery needles 66, 68 1s approximately 0.02 mm.
Accordingly, the puncture for the suture toggles 1s small
compared with the size of the arterial puncture which 1n turn
1s smaller than the inside diameter da of large artery 31.

FIG. 18 diagrammatically shows delivery system 60
including a shaped element 94 which forces needles 66, 68
to move laterally in the direction of arrows 96a and 96b
outboard and away from central tube 62. Shape clement 94
acts as a cam surface and needles 66, 68 follow the proximal
cam surface of the shape 94. The proximal end segments of
needles 66, 68 are attached to outer tube 80 which 1s further
attached to screw set 78. When outer tube 80 moves forward
and aft over central tube 62, the distal ends of needles 66, 68
move forward and aft over cam shape surface 94. Cam shape
clement 94 1s mounted on central base tube 62. The follow-
ing Needle Delivery Flare Table describes some shapes of

the cam shape 94.

Needle Delivery Flare Table

ball, spherical

olive

oblong

frustoconical, convex frustoconical, concave frustoconical
triangular

conical

angled ribs (with apex at a proximal end)
distally truncated, continuously curved

FIG. 19 diagrammatically shows an exploded view of
delivery system 60. Thumb screw set 78 1s attached to the
proximal end of needle carrying tube 80. Needles 68, 68 arc
attached to carrying tube 80.

FIG. 20A shows needles 66, 68 from the perspective of
section line 20A-20A" 1 FIG. 19. The attachment of
needles 66, 68 to needle carrying tube 80 1s shown 1n a
cross-sectional view 1 FIG. 20B from the perspective of
section line 20B'-20B" in FIG. 19. The lumen 804 of needle
carrying tube 80 1s large enough to accommodate central

tube 62. Central tube 62 extends through needle carrier tube
80.

Needles 66, 68 and needle carrying tube 80 are placed
over central or base tube 62. Guide wire 64 extends through
lumen 63 of central tube 62 when the system 1s deployed and
In use.
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FIG. 20C shows a cross-sectional view of central tube 62
from the perspective of section line 20C' 20C" 1 FIG. 19.
Needle retention body 72 1s mounted on central tube 62.

Needle retention body or structure 72 1s mounted on
central tube 62. A cross-sectional view of one embodiment

of needle retention body 72 1s shown in FIG. 20D. FIG. 20D
1s a view from section lines 20D'-20D" 1 FIG. 19. Needle
cam shape 94 1s attached to the distal end of central tube 62
slightly beyond needle exit ports 98, 99 of needle retention
body 72. It should be noted that needle retention body 72

may take one or more of the shapes illustrated above 1n
connection with FIGS. 16A, 16B and 16C.

To construct the delivery system shown 1n FIG. 19, needle
carrying tube 80 and needles 66, 68 are placed over central
tube 62. Needles 66, 68 arc fed into needle entrance ports
97a, 97b. Needles 66, 68 are placed into the left and right
side needle lumens of needle retention structure 72 until they
are proximate needle exit ports 98, 99. Thereatfter, thumb nut
set 76 1s placed on the proximal end of central tube 62 by an
appropriate attachment means (e.g., a thread). Accordingly,
face 101 of set 76, along section lines 102'-102," 1s near or
adjacent face 103 of set 78 at section lines 104'-104" which
1s the proximal end of thumb nut set 78. In a preferred
embodiment, thumb nut set 78 may cooperate with thumb
nut set 76 to lock the needle delivery system and suture
delivery system together prior to deploying the system on
ouide wire 64. After deployment, the system takes the
confliguration shown above in connection with FIG. 14B
except central tube 62 1ncludes a needle cam shape 94. This
cam shape 1s absent from FIG. 14B.

At the time of suture toggle deployment, needle carrying
tube 80 1s moved distally while central tube 62 remains
stationary thereby causing needles 66, 68 to leave exit ports
98, 99 and move over needle cam surface shape 94. At that
fime, the distal ends of needles 66, 68 move laterally
outboard (relative to the axial center line) in the direction
shown by arrows 96a, 966 1n FIG. 18 until the piercing
surfaces of needles 66, 68 are distally beyond the needle cam
shape 94. At that time, the operator 1nserts the distal end of
central tube 62 1nto arterial puncture 44 shown in FIG. 17.
Thereafter, needles 66, 68 picerce arterial wall 31, deposit the
toggles 1n the artery’s lumen and at the underside of arterial
wall 31 and the operator withdraws the needles by moving,
thumb nut set 68 proximally with respect to central tube 62
which 1s preferably held stationary. This causes needles 66,
68 to withdraw and laterally collapse since cam surface
shape 94 no longer forces the distal end of the needles to
protrude laterally outward beyond central tube 62. The
needles are also drawn 1nto needle retention body 72. When
the needles’ terminal ends are at or near exit ports 98, 99, the
entire delivery system 1s withdrawn and the surgeon or
physician ties off the suture wire as shown 1 FIG. 7.

FIGS. 21-22 diagrammatically illustrate a toggle suture
made of wire. This wire may be stainless steel wire. The
toggle may also be memory shape metal. In contrast, the
sutures discussed above 1n connection with FIGS. 1-13 are
made of nylon or other synthetic biocompatible material.

FIG. 21A shows suture wire 110 having a wire element
togele 114 at suture terminal end 113. The wire 1s typically
stainless steel but may be an other type of biocompatible
metal material. Wire element toggle 114 includes a double
strand segment 116. Wire element toggle 114 1s angularly
disposed, that 1s, disposed over angle 118a with respect to
the axial central line of suture wire 110. In addition, wire
clement toggle 114 includes a depending wire tip section

118.
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FIG. 21B shows wire element toggle 114 disposed on an
inboard side of body structure, tissue or organ layer 31.
Depending wire element 118 protrudes into body layer 31
thereby locking or anchoring the toggle suture in place.

FIG. 21C shows wire suture 110 with a wire element
toggle 114 being normal with respect to the suture wire. The
angular disposition of toggle 114 to the axial centerline of
laid-out suture wire 110 1s related to the needle delivery
system and the spring action and toggle or latch action of the
suture toggle.

FIG. 21D shows that depending leg 118 i1s angularly
disposed at angle 121 with respect to the central axis of wire
clement toggle 114. The angular position 1s related to the
needle delivery system and the degree of locking necessary
on bodily structure 31.

FIG. 21E shows suture wire 110 having a wire body 122
(about 16"—-18") and having toggle elements 114a, 114b

attached to suture terminal ends 113a, 113b.

FIG. 21F shows wire element toggle 114 attached by
welding or other type of mounting mechanism to suture
terminal end 113.

FIG. 22A shows needle delivery system 124 which retains
wire element toggle 114 and wire suture 112. Toggle element
114 includes an open loop 135 and a linear segment 136.
Linecar segment 136 rests against the proximal end wall of a
needle slot 130. Open loop toggles are shown FIGS. 21E,
22A, C and D.

FIG. 22B shows needle 124 having a toggle needle slot
130 and wire element toggle 114 having a depending leg 118
resting on toggle needle slot 130. Suture wire 110 1s dis-
posed 1n lumen 126 of needle 124. Leg 118 1s used to mount
suture wire 110 1n the delivery needle. Legs 119 are shown

in FIGS. 21A, 21B, 21D and 21F.

FIG. 22C shows toggle element 114 with open loop 135
disposed 1n toggle needle slot 130.

FIG. 22D shows wire element togele 114 1n toggle slot
130 of needle 124. Needle 124 also includes a suture slot 134
through which runs wire suture 110. Wire element toggle
114 1s retained within toggle slot 130 via 1ts open loop. The
operation of the wire suture and wire clement toggle is
substantially similar to the suture toggle discussed above in
connection with FIGS. 1-13. The operation and deployment
of the suture toggle and the suture needle 1s also similar to
that discussed above 1n connection with FIGS. 1-13.

FIGS. 23A, 23B and 23C diagrammatically show a deliv-

ery system 210 used 1n connection with fascia 220 to deploy
suture toggles 1n a manner discussed above in connection
with FIGS. 1-13 and 21-22. The deployment device shown
and described 1n connection with FIGS. 23-24 is typically
used 1n laproscopic surgery. However, 1t maybe used when-
ever a surgeon needs to suture fascia.

Delivery system 210 includes handle 222 and central tube
224 which carries thread 226 at 1ts distal end. Thread 226
coacts with threads on an inboard surface of collar 228.
Collar 228 1s attached to suture needles 230, 232. Suture
needles 230, 232 move within needle passages 1n needle
retention body 234. This mechanical theory and feature is

ogenerally discussed above 1n connection with needle reten-
tion body 72 and FIGS. 14A and 18.

Central body or tube 224 has a mid-section 224a and a
distal section 224b. The distal end of distal section 224b 1s
a bulbous terminal including a radially large fascia Ilift
clement 240 and a plunge cone 242. A plunge cone 242 is
mounted to the distal end of enlarged lift segment 240,

Fascia 1s lifted by the proxial, peripheral radial lip 240a
of lift element 240.
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FIG. 23B diagrammatically shows an operational state of

delivery system 210. The distal ends 230a, 2324 of needles
230, 232 protrude axially beyond the distal end of needle
retainer 234. In operation, the suture toggles are deposited 1n
the fascia by rotational movement of body 224 to collar 228
translated into axial movement and needle ends 230a, 232a
are withdrawn by counter rotation of central tube 224
thereby moving collar 228 in a proximal direction. With-

draw of the suture needles causes the suture toggles to
remain embedded 1n the fascia.

FIG. 23C shows a delivery system 210 with suture wires
110a, 1105 disposed outboard of suture needle ends 2304,
232a. The suture wires are run through capture channels
250, 252 on either side of needle retention body 234.

FIG. 23D 1s a diagrammatic cross-sectional view from the
perspective of section lines 23D'-23D" 1in FIG. 23C. Suture
capture body 252 captures suture wire 110 in a channel
254. Upon deployment of the toggle suture 1n the fascia, the
physician simply moves the suture wire outboard of the
channel 254 and closes the site.

FIGS. 24A, 24B and 24C diagrammatically 1llustrate the
operation of delivery system 210. In FIG. 24 A, cone 242 and
fascia support or lift element 240 have been 1nserted 1nto a
hole or cavity formed 1n fascia 220. The surgeon or physi-
cian allows the fascia to rest thereby closing the hole about
distal cental rod segment 224b.

In FIG. 24B, the physician gently raises delivery system
210 1n the direction shown by arrow 275. Lift element lip
240a causes fascia 220 to rise thereby lifting fascia 220
above underlying tissue elements 220a. Further, the physi-
cian rotates central handle 224 with respect to collar 228
thereby causing suture needles 230a, 232a to protrude
beyond the distal end of needle retention body 234.

In FIG. 24C, the physician has completely rotated handle
224 thereby completely deploying needle ends 230a, 232a
through fascia 220. Upon complete deployment of the toggle
carrying sutures, the suture toggles engage the inboard edge
or side of fascia 220 preferably i1n the interstitial space
between underlying material 220a. The toggles are caught
by the fascia, leave the toggle carrying needles, latch onto
the 1nboard surface of fascia 220 and remain 1n the fascia.
The surgeon then counter rotates handle 224 with respect to
collar 228 thereby withdrawing suture needle ends 2304,
232a from fascia 220. Essentially, needles 230, 232 are
withdrawn and recaptured by needle retention body 234. The
surgeon then gently withdraws fascia lift element 240 from
fascia 220. The toggles are embedded 1n the mboard surface
of the fascia and the surgeon can then close the fascia.

FIGS. 25A, B, C and D diagrammatically 1llustrate a wire
toggle with a wire suture 310 and a wire toggle element 312.
Toggle element 312 1s configured as a hook with a crook or
bend element 316 (0.008 or greater), an angled body seg-
ment 314 and an end segment 318. End segment 318 1is
ogenerally in a plane parallel with respect to the axial
centerline of wire suture 310 assuming the suture 1s laid out
straight. The length It of hook end 318 1s approximately
0.04. This configuration locks onto the inboard surface of the
bodily structure after the wire suture 1s deployed beneath the
surface. See generally FIG. 25D.

FIG. 25B illustrates toggle wire element 312 with a
stepped radius or curve consisting of proximal angled seg-
ment 320, normal segment 322 (having a running length wr
of about 0.020) and angled segment 323. Hook span g from
suture 310 to end segment 318 1s about 0.60. FIG. 25C
shows hooked toggle 312 deployed 1n a delivery needle 324.
In the 1llustrated embodiment, the needle does not have a
suture slot.
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FIG. 25D 1llustrates the deployment of hook toggles 312,
312a and the integral or attached wire sutures 310, 310a
twisted or crossed. In the configuration, the wire sutures are
enabled to close the 1llustrated gap 1n body structure 340.

Delivery system 60 diagrammatically illustrated in FIGS.
26 through 40 operates substantially similar to delivery
system 60 diagrammatically illustrated in FIGS. 18 and 19.
FIGS. 26, 28A, 28B, 28C, 31 and 34 show delivery system
60 including an outboard protrusion or shaped element 94
which forces needles 66 and 68 to move laterally in the
direction of arrows 330a and 330b 1n FIG. 29A outboard and
away from central tube 62. The operation of delivery system
60 1s also diagrammatically 1llustrated 1n FIG. 18.

FIG. 26 diagrammatically illustrates delivery system 60.
Two sutures are loaded 1nto respective needles with toggele
bars 340a and 340b protruding from the corresponding
needle ends and the adjacent needle retainer guides 342a and
342b. The needle retainer guides 342a, 342b are part of a
needle retainer or structure 72 as 1llustrated m FIG. 18. FIG.
26 diagrammatically 1llustrates needles 66 and 68 substan-
tially longitudinally covered by the needle retainer guides
342a and 342b and, at their proximal ends, the needles 66,
68 arec captured within the proximal end of the guides. FIG.
26 also 1illustrates corresponding suture filament or suture
thread bodies 350a and 350b extending outboard of the

proximal end of system 60.

Delivery system 60 includes an actuator consisting of a
static actuation unit with user actuation surfaces 360a and
360H forming loop handles or loop-shaped finger grips
attached to the central tube 62. Loop handles 360a, 360b
permit an operator to hold the delivery system 60 stationary
relative to the suture delivery site. The system 60 includes a
second, dynamic actuator with a user actuation surface 362.
User actuation surface 362 1s formed as a loop handle or
loop-shaped finger grip attached to a movable member 80.
Movable member 80 1s also diagrammatically illustrated in
FIG. 18. In both FIGS. 18 and 26, the movable member 80
1s connected to needles 66 and 68. The delivery system 60
in FIG. 26 operates substantially similar to delivery system
60 1n FIG. 18 with the added feature of having user actuation
surfaces 360a, 360b and 362 to provide stability and mea-
sured control of the movement of needles 66 and 68 over
cam 94. Cam 94 1s mounted to stationary central tube 62.
Static actuator with its user actuation surfaces 360a, 3600,
central tube 62, central tube 62, needle retainer 72 and
cuides 342a, 342b, form a stationary body relative to
movable member 80, attached needles 66, 68, and dynamic
actuator element 362. Movable member 80, needles 66, 68,
and user actuation surface 362 move with respect to the
static elements.

FIG. 27A 1s an enlarged view of one delivery needle 66.
The needles can be hollow. A suture filament body (not
shown) runs within the lumen of each needle. Otherwise, the
needle may be solid with a hollow tip, permitting the toggle
bar to be loaded as diagrammatically illustrated 1n FIGS. 4A,
9D and 12. FIG. 27 A diagrammatically illustrates a piercing
needle end including a needle slot 30 which captures a
toggle bar thereat.

FIG. 27B diagrammatically illustrates an enlarged view of
one channel or needle retainer guide 342a. The needle guide
directs the needle during its distally outward movement
from the channel or guide end 343 towards cam 94 (see FIG.
26). FIG. 27B diagrammatically illustrates a respective
needle retainer guide 342a with a slot 345. The slot 345 1s
primarily a safety feature which permits the piercing needle
end 67 to be substantially contained within the needle
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retainer guide 342a prior to delivery of the suture. The slot
3435 on the needle retainer guide 342a permits the portion of
a toggle bar 340a (FIG. 26) protruding from a respective
loaded needle end 67 to also protrude through the corre-
sponding retainer guide slot 345 prior to delivery of the
suture such that the respective piercing needle end 67 1s not
exposed. This captured needle end 1s depicted 1n FIG. 29A.
The cooperation of slot 345 on needle guide 3424 and toggle
340a and needle 66 1s shown 1n FIG. 29A. Needle slot 30 1s
aligned with guide slot 345 to provide a compact structure
when toggle 340a (FIG. 29A) is in these slots.

FIGS. 28A, 28B and 28C diagrammatically illustrate
suture delivery system 60 positioned adjacent to a vascular
wall 31 prior to delivery of the sutures. FIG. 28B diagram-
matically illustrates delivery system 60 at angle 380 with
respect to the vascular wall 31. Delivery of sutures under
circumstances 1 which the delivery system can only be
inserted at such an angle with respect to the longitudinal axis
of the vascular vessel can be accomplished by staggering or
longitudinally offsetting needles 66 and 68. Staggering
causes one needle end to protrude further outward during
delivery of the sutures than does the other needle end,

thereby comparably penectrating the subject vascular vessel
wall.

FIG. 28B, the distal ends of needles 66, 68 are substan-

fially captured within needle retainer guides 342a, 342b,
respectively (only the proximal ends of needles 66, 68 are
depicted in FIG. 28B). The distal ends of needles 66, 68 are
staggered or offset such that the distal end of needle 66 1s
proximally closer to the static actuation handles 360a, 3605
than is the distal end of needle 68 (FIG. 28B shows the
togele bar disposed on the piercing needle ends of needles
66, 68). Suture toggle bars 340a, 34056 are disposed on
respective needle ends 66, 68, such that each bar protrudes
from a corresponding needle end and also protrudes from a
corresponding needle retainer guide 342a, 342b. The distal
ends of needle retainer guides 342a, 342b are likewise
staggered or longitudinally offset from each other. Each
toggle bar 1s connected to a corresponding suture filament
body 350a, 350b. In FIG. 28B, each respective filament
body 350a, 35056 1s disposed within the lumen of a corre-
sponding needle 66, 68, and the proximal end of each
filament body protrudes outboard of the proximal end of the
dynamic actuator and surface 362.

Delivery system 60 1illustrated in FIG. 28B 1ncludes an
outboard protrusion or cam shape 94. Cam 94 1s 1llustrated
as having two angled rib shaped or wedge shaped cam
protrusions 194a, 194b disposed on the distal end of central
tube 62. Respective cam protrusions 194a, 194b have cor-
responding distal end, cam surfaces 1954, 195b. Cam pro-
trusions 194a, 194b splay the protruding needles during
operation of the device. In FIG. 28B, respective cam pro-
trusions 1944, 194b are staggered, or longitudinally offset, in
substantially the same manner as the corresponding distal

ends of needles 66, 68.

In FIG. 28B, needle retainer guides 342a, 342b and cam
protrusions 194a, 194b are attached to central tube 62.
Needles 66, 68 are attached to movable member 80. Needles
66, 68 fit within needle retainer guides 3424, 342b. FIG. 298
also 1llustrates delivery system 60 with an actuator consist-
ing of static user actuator bars 360a, 360b, and dynamic user
actuation surface 362. Static actuator bars 360a, 360b are
attached to central tube 62. Dynamic actuation surface 362
1s disposed on movable member 80 and includes support 368
(illustrated as a cross-section in FIG. 28B).

Delivery system 60 1in FIG. 28C 1s similar to system 60 in
FIG. 28B. FIG. 28C diagrammatically illustrates the distal
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end of delivery system 60 with needles 66, 68 cach having
a suture toggle bar 340a, 340b disposed on the piercing
needle end 67, 67a respectively. In FIG. 28C, the needles 66,
68 are shown splayed outward due to cam 94. Cam 94 has
a sloped, outboard extending transitional region which 1s a
continuously curved shape (or a substantially conical shape).
The cam 94 has a proximal, cylindrical region 410 leading
to the outboard sloped transitional region 412 and terminates
in a distal cylindrical region 414. The distal end 944 1s an
angled, distally truncated end such that cam surface 94a will
substantially come into contact with the vascular vessel wall
31 when the device 1s 1 use. The plane defined by cam
surface 94a 1s parallel with the line defined by piercing
needle ends 67, 67a. Each needle 66, 68 1s retained by a
corresponding needle guide 342a, 342b. Needles retainer
ouides 342a, 342b are attached to central tube 62. Central
tube 62 protrudes through vessel wall 31. This figure also
shows needle 68 longer than needle 66. The following

exemplary dimensional table pertains to FIG. 28C.

Typical Exemplary Dimensional Table (FIG. 28C)

3 mm (approx.)
9 mm (approx.)
2 mm (approx.)

a maximum vascular wall thickness

b 1nside diameter of vascular vessel

c distance between shorter needle 66 and central tube
62 at point of penetration into vascular wall

d distance between longer needle 68 and central tube
62 at point of penetration into vascular wall

e distance between inner walls of needles 66, 68 at
point of penetration of vascular vessel wall

2 mm (approx.)

6 mm (approx.)

Suture delivery system 60 in FIGS. 28B and 28C operates
similar to delivery system 60 in FIGS. 18 and 26. The
operator guides the delivery system 1nto proper position near
blood vessel 31. When positioning delivery system 60 to
suture an artery, the user may orient longer needle 68 in the
direction of the heart. Suture delivery system 60 may include

orientation marks or indicia such as a symbol of a heart 420
(FIG. 39) and arrow 422 (FIG. 39) on the side of the system

with the longer needle and a symbol of a foot 424 (FIG. 39)
and arrow 426 (FIG. 39) on the side of the system with the
shorter needle. Different colors could also be used on the
needle retamner guides to indicate proper orientation. A
pre-aligned guide wire may also be utilized to properly
position the delivery system 60 at the location requiring
suturing. Central tube 62 may be hollow and its lumen
provides a guide for a guide wire. The operator positions
suture delivery system 60 at the desired location and places
the distal end of central tube 62 at or 1n the subject opening
or aperture. See FIG. 17 and opening 44. The device 1s
properly positioned when blood “flashes” back through or
flows proximally towards the operator through the lumen of
central tube 62. In FIG. 28B, central tube 62 shows a flash
tube exit port 361 at a proximal location (see also FIG. 30,
port 361). Alternatively, a small “flashtube” can be disposed
on the central tube to indicate proper positioning of delivery
system 60. Proper positioning may also be indicated when
cam protrusion distal surtaces 1954, 1956 1n FIG. 28B or
surface 94a 1n FIG. 28C come 1nto contact with vascular

vessel wall 31 (see also FIG. 29A, cam distal surface 94a).

The operator then utilizes static user actuator bars 360a,
360b (FIG. 28B) to stabilize the suture delivery system 60
relative to the suture delivery site. This can be accomplished
by placing fingers on the distal edge of user actuator bars
360a, 360b. Alternatively, the suture delivery system 60 can
be held stationary relative to the delivery site through a
locking mechanism securing the system to a previously
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positioned guide wire (not shown). Once stabilized, the
operator uses a free finger or thumb to apply force in the
direction of arrow 394 to dynamic actuation surface 362.
The force causes dynamic actuation surface 362 and
attached movable member 80 and needles 66, 68 to move 1n
the direction of arrow 394. As the movable member 80
moves through a maximum throw or displacement 366, the
piercing needle ends of needles 66, 68 exit needle retainer
ouides 342a, 342b, move laterally outward as forced by cam
shape 94, and extend forward (distally) into the vascular
vessel wall 31, setting or embedding the suture toggle bars
340a, 340H within the vascular vessel wall 31. Each embed-
ded suture then has a respective filament body 350a, 3505
extending outboard 1n a proximal direction. Before extrac-
tion of the delivery system 60, a force 1s applied to user
actuation surface 362 1n the opposite direction of arrow 394
causing the piercing needle ends 66 and 68 to retract back
into the needle retainer guides 342a, 342b. The force may be
manually applied or may be provided by a spring (not
shown).

FIG. 29A diagrammatically 1llustrates an enlarged cross-
sectional view of the delivery end of suture delivery system
60 with 1ts delivery needles 66 and 68 retracted. See needle
66 1in guide tube 342a. One needle 66 1s loaded with a suture
350a and a toggle bar 340a slightly protrudes from needle 66
and also protrudes from needle retainer guide 342a. Align-
ment of the needle slot and guide slot 1s 1llustrated herein.
Suture filament body 350a travels proximally through the
lumen of needle 66. The outboard protrusion or cam 1n FIG.
29A has a distally truncated, continuously curved cam body
shape. The truncated surface 94a at the distal end, 1s normal
to the longitudinal aspect of the central tube 62. As discussed
carlier 1n connection with cam surfaces 1954, 1956 1in
delivery system 60 illustrated 1n FIG. 28B, distal end surface
94a can be utilized as a stop when positioning the delivery
device prior to depositing the sutures 1n the blood vessel. As
diagrammatically illustrated in FIG. 28B, central tube 62 is
inserted fully or partially into the vascular wall 31 until the
vascular wall comes 1n contact with the distal cam surface
944, indicating that the delivery device 1s 1 proper position.
As previously discussed, a flash tube may also be utilized to
show correct positioning of delivery system 60.

FIG. 29B diagrammatically illustrates cam 94 protruding
from the delivery end of the suture delivery system 60. Cam

94 has a distally truncated, continuously curved shape. Cam
94 1n FIG. 29B has a convex shape.

FIG. 30 diagrammatically illustrates another embodiment
of the suture delivery system with actuation surfaces 360a
and 360b having ribbed support structures 364a and 364b.
The support structures 364a, 364b provide support for the
static actuator element discussed below 1n connection with
FIG. 31. The support structures 364a, 364b also transier the
longitudinally directed force applied during operation of the
device to the axial centerline of the system. Support struc-
tures 364a, 364b also provide a planar surface in the
longitudinal aspect of the instrument which enables an
operator of the system greater control of the instrument
when positioning the instrument.

FIG. 31 diagrammatically illustrates another embodiment
of the suture delivery system 60 with an actuator consisting
of a static actuator element with user actuation surfaces 360a
and 360b. Surfaces 360a, 360b define a closed-loop, finger
or1p shape. The static actuator 1s attached to central tube 62.
The actuator also includes a dynamic actuator element with

a user actuation surface 362 consisting of finger tabs 3824,
382b (illustrated in FIG. 34). The dynamic actuator and

surface 362 with finger tabs 382a, 382b are attached to
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movable member 80. The user actuator surfaces can be
simple tabs protruding from the central tube 62 and movable
member 80 rather than finger grips (see, e.g. FIG. 28B).
Alternatively, as previously discussed in connection with
FIG. 28B, user actuation surfaces 360a and 3605 can be
climinated altogether by providing alternative means to fix
the delivery system relative to the delivery site such as by
providing a locking mechanism to lock the delivery system
to a previously positioned guide wire.

The delivery system i FIG. 31 operates in the same

manner as the delivery system diagrammatically 1llustrated
m FIGS. 18, 26 and 28B. In the illustrated embodiment,

piercing needles 66 and 68 are substantially captured within
needle retainer guides 342a, 342b (only the proximal ends of
needles 66, 68 are depicted in FIG. 31). The system delivers
sutures through application of force in the direction 394
applied to user actuation tabs 382a, 382b (see FIG. 34)
which are coupled to movable member 80. As movable
member 80 slides or moves longitudinally towards the distal
end of central tube 62 (a fixed or static member), the piercing

needle ends of needles 66 and 68 (not shown in FIG. 31; see
FIG. 29A), which are attached to movable member 80, exit
needle retainer guides 342a, 342b at distal ends 98 and 99.
At 1ts maximum stroke or throw 366, the piercing needles
ends have been forced laterally outward by cam shape 94,
and have extended forward (distally) into the targeted bodily
substructure, setting or embedding the togele bars into the
bodily substructure with the suture filaments leading out-
board 1n a proximal direction. Before extraction of delivery
system 60, a force 1s applied 1n the opposite direction of
arrow 394 causing needles 66 and 68 (sece FIG. 29A) to
retract back into needle retainer guides 342a and 342b.
Alternatively, movable member 80 with its attached needles
66, 68 1s proximally biased with respect to central tube 62
such that upon removal of the force necessary to embed the
sutures, movable member 80 returns to 1ts original position
with the piercing needle ends substantially within needle

retainer guides 342a, 342b.

FIG. 32 1s a partial cross-sectional view of the suture
delivery system from the perspective of section line 32'-32"
in FIG. 31. FIG. 32 illustrates the coupling between movable
member 80 and user actuation surface 360b (User actuation
surface 360b is attached to central tube 62—see FIG. 31). In
FIG. 32, movable member 80 includes a key 374 and user
actuation surface 360b defines a key way 376. Key 374 and
key way 376 can be reversed. The salient feature 1s to
provide controlled longitudinal movement by movable
member 80 with respect to central tube 62. Lateral move-
ment or twisting 1s limited or eliminated by a key running in
a key track. Movable member 80 can also consist of simple
key rails adapted to slide along key way channels defined by
central tube 62 or 1ts attached static actuator. Likewise, the
key and key way can be reversed.

FIG. 33A 15 a cross-sectional view of the suture delivery
system from the perspective of section line 33A'-33A" 1n
FIG. 31. FIG. 33A 1illustrates needle retainer guides 342a
and 342b attached to central tube 62, each containing
needles 66 and 68, respectively, and each needle containing
suture filament bodies 350a and 350b, respectively.

FIG. 33B 1s a cross-sectional view of the suture delivery
system from the perspective of section line 33B'-33B" 1n
FIG. 31. In FIG. 33B, needle retainer structure 72 1s con-

nected to central tube 62, needle retainer guides 342a, 3425,
and actuator static actuation surfaces 360a and 360b. FIG.
33B also shows needles retainer guides 342a and 3420
containing needles 66 and 68, respectively, and each needle
containing suture filament bodies 350a and 350b, respec-
tively.
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FIG. 34 1s a diagrammatic, perspective view of suture
delivery system 60 1n FIG. 31. Dynamic actuation surface
362, defined by opposing finger tabs 382a, 382 extending
away from central tube 62, are depicted normal to static
actuation grips 360a and 360b. Delivery system 60 1llus-
trated mn FIGS. 31 and 34 can be operated by insertion of
fingers within the loops of static actuation grips 360a and
360b, and the placement of the thumb or a free finger on one
of the dynamic actuation finger tabs 382a, 382b.
Alternatively, the user can place fingers on the distal side of
static actuation grips 360a and 360b, and place the thumb or
another free finger on one of the dynamic actuation finger
tabs 382a, 382b. FIG. 34 also diagrammatically illustrates a
flexible tip introducer 390 attached to central tube 62 at its
distal end. An operator uses introducer 390 to position
delivery system 60 at the subject opening or aperture (see
FIG. 17, opening 44, vascular wall 31) in a vascular wall 31
by 1nserting the introducer through the opening 44. Cam
shape 94 1n FIG. 34 diagrammatically illustrates an angled
rib shape.

FIGS. 35 through 40 diagrammatically illustrate the
proximal end of an alternative embodiment of the suture
delivery system 60. FIG. 35 provides an exploded view of
suture delivery system 60 (without its piercing distal end). In
FIG. 35, suture delivery system 60 1s depicted as having a
biasing member 392 between movable member 80 and the
needle retainer structure 72. Needle retainer structure 72 1s
attached to central tube 62 and needle retainer guides 3424,
342b. Biasing member 392 1s depicted as a spring or coil in
FIG. 35. The biasing member may be any type of resilient
member. The suture delivery system 1llustrated in FIGS. 385,
36, 37, 38 and 39 operates substantially similar to the
delivery system 60 illustrated 1n FIGS. 28B. The biasing
member 392 of suture delivery system 60 in FIGS. 35 and
39 acts between movable member 80 and central tube 62
such that the piercing needle ends (not depicted in FIGS. 35
and 39) remain within the needle retainer guides 342a, 342b
unless force 1s applied to the movable member 80 in the
distal direction of arrow 394. Biasing between the movable
member 80 and the central tube 62 (with attached needle
retainer structure 72) can be accomplished through the use
of a spring (as illustrated in FIGS. 35, 36, 37 and 39), an
clastic polymer, a rubber, a sponge-like foam or another
clastic materal.

FIG. 36 1s a partial cross-sectional view of FIG. 37. FIG.
36 diagrammatically 1llustrates the use of an actuator con-
sisting of dynamic actuation surface tab 362 and static
actuation surface grips 360a, 360b. Actuation surface tab
362 1s adapted to fit over movable member 80 such that
when force 1s applied on actuation surface tab 362 in the
direction of arrow 394, surface actuation tab 362 causes
movable member 80 to move 1n the direction of arrow 394.
In FIG. 36, movable member 80 defines a cavity within
which runs central tube 62. FIG. 36 also depicts needles 66
and 68 attached to movable member 80. The proximal ends
of needles 66, 68 terminate at surface actuation tab 362. The
proximal end of central tube 62 also terminates substantially
adjacent surface actuation tab 362.

FIG. 37 illustrates the proximal end of suture delivery
system 60 as 1llustrated 1n FIGS. 35 and 36. In addition to
the features illustrated in FIGS. 35 and 36, FIG. 37 1illus-
frates static actuation surface grips 360a, 3605b as containing
keys 372a, 372b. Dynamic actuation surface tab 362 defines
corresponding key ways 370a, 370b.

FIG. 38 provides a cross-sectional view of key 372b and
key way 370b from the perspective of section line 38' in
FIG. 37. Alternatively, the respective keys 372a, 372b and
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corresponding key ways 370a, 370b between the static
actuation surface grips 360a, 3605 and dynamic actuation

surface tab 362 may be reversed providing an equally
operable suture delivery system. 1741 FIGS. 36 and 37
diagrammatically illustrate a dynamic actuation surface tab

362 with channels or ports 378 through which the proximal
ends of the suture filament bodies 350a, 350b (shown only
in FIG. 37) can extend proximally beyond the dynamic
actuation surface tab 362. FIGS. 36 and 37 also diagram-
matically illustrate channel or port 378 with the proximal
end of central tube 62 extending through the dynamic
actuation surface tab 62. A guide wire or other device may
be mserted 1nto the central tube 62 through the proximal end
of the dynamic actuator surface 362. Alternatively, dynamic
actuation surface 362 can consist of a solid proximal actua-
tion surface with exit ports or channels on the sides of the
dynamic actuation member 362. Likewise, a similar port or
channel can be provided on the side of central tube 62
through which a guide wire may be inserted. Such a similar
port or channel could also be used as a flashback tube or
flashback indicator.

FIG. 39 1s a partial side view of the proximal end of an
alternative embodiment of suture delivery system 60. FIG.
40 1s a partial perspective view of the delivery system 60
illustrated 1in FIG. 39. Suture delivery system 60 1n FIGS. 39
and 40 are substantially similar, and therefore, the compo-
nents of system 60 depicted in FIGS. 39 and 40 are discussed
concurrently. Suture delivery system 60 in FIGS. 39 and 40
1s substantially similar to system 60 1n FIGS. 35-38 with
additional components. Most notably 1s locking member
354, shown disposed onto user actuator 440 defining actua-
tion surface 360a (which also defines part of key 372a).
Locking member 354 may also be disposed on to user
actuation surface 360b. Locking member 354 can be
attached to actuator 440 by means of a hinge, screw, glue or
other traditional means. In the preferred embodiment shown
in FIGS. 39 and 40, locking member 354 1s cast 1n plastic as
part of user actuator 440 and includes leg 430 attaching
locking member 354 to actuator 440. Locking member 354
also 1ncludes locking catch 358 and locking member grip
surface 356. Locking catch 358 interacts with the top, corner
cdge 352 of user actuator 442 which defines dynamic
actuation surface 362. In an alternative embodiment, locking
member 354 1s disposed on user actuator 442 and the locking
catch 1s adapted to interact with a corresponding catch
clement on central tube 62 or attached user actuator 440.

Suture delivery system 60 in FIG. 40 shows cutting
members 3844, 384bH. Cutting members 384a, 384b 1nclude
corresponding cutting blades (not shown) attached to cutting
members 384a, 384H. Cutting members 384a, 384bH also
include corresponding limiting elements 3864, 386b. Lim-
iting elements 3864, 386b are shown 1in FIG. 40 as part of
cutting members 384a, 384b, respectively. However, limit-
ing elements 386a, 386b can be separate elements attached
to cutting members 384a, 384b. Cutting members 3844,
384b are disposed onto user actuator 442. Cutting members
3844, 384b can be attached to user actuator 442 by means of
a pin, rivet, nut and bolt, or any suitable means permitting,
the rotating cutting members 384a, 384b to rotate. Cutting
members 384a, 384b also include corresponding user actua-
tion surfaces 388a, 388D, depicted as knurled surfaces on
car-shaped projections in FIG. 40.

Operation of suture delivery system 60 1n FIGS. 39 and 40
1s similar to system 60 in FIG. 28B and 28C, but includes
additional enhancements. Locking member 354 provides a
means to lock delivery system 60 1n a position with needles

66, 68 (see FIG. 28C) 1n a fully extended position. During
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operation of suture delivery system 60 the user depresses
dynamic actuation surface 362 of actuator 442 in the direc-
tion of arrow 394 while holding system 60 static or steady
through use of user actuation surfaces 360a, 360b5. Once the
user depresses dynamic actuator 442 such that suture deliv-
ery system 60 undergoes a full stroke or throw (shown by
displacement arrows 366), the user pulls locking member
354 radially outboard in the direction 348 (FIG. 40), to allow
catch 358 to engage corner 352. The user then pushes
member 354 radially mboard onto corner 352 to lock the
system 1n a fully engaged position. Once the user 1s ready to
extract or remove suture delivery system 60 from the
delivery site (after deposition of the suture toggles), the user
once again pulls member 354 radially outboard 1n direction
348, thereby releasing dynamic actuation surface 362. The
user can then pull user actuator 442 1n a proximal direction
opposite arrow 394 or allow biasing member 392 to return
system 60 to its original proximal position. Alternatively,
prior to disengaging locking member 354, the user may want
to cut the suture threads extending outboard of the suture
delivery site (see suture threads 350a, 35056 1n FIG. 37). The
user may accomplish cutting of the suture threads by rotat-
ing cutting members 384a, 384b 1n the direction of arrows
396 towards the centerline of dynamic actuator 442. Prior to

rotating cutting members 384a, 384b, limiting clements
386a, 386D arc 1n cavities 398a, 398D, respectively. When
the user rotates cutting members 384a, 384b 1n direction 396
through the use of user surfaces 388a, 388D, respectively, the
corresponding limiting elements 386a, 386b snap 1nto cor-
responding notches on dynamic actuation surface 362 (sce
FIG. 40). As the rotating cutting members 384a, 384b rotate,
the corresponding attached blades cut the suture threads
running outboard of the suture delivery system 60 through
dynamic actuation surface 362 (see FIG. 37).

The following 1s a table of exemplary dimensions of the
suture delivery system claimed in this invention:

Typical Exemplary Dimension Table

4 mm (approx.)
4 mm (approx.)
15-18 cm (approx.)
5-18 mm (approx.)
6 cm (approx.)
1 mm (approx.)
1 mm (approx.)

Cam or needle guide length
Cam or needle guide lateral span
Apparatus total length

Stroke or throw

Finger grip or static actuator
Needle bevel
Needle slot

The claims appended hereto are meant to cover modifi-
cations and changes within the scope and spirit of the present
invention.

What 1s claim 1s:

1. A suture delivery system comprising:

two sutures, each said suture having a filament body and
togele bar on at least one terminal end thereof;

an clongated central tube, said central tube carrying two
needle retainer guides and a cam distally disposed on
said central tube;

two spaced apart needles with piercing needle ends, each
corresponding needle end carrying a respective suture
with a respective toggle bar disposed on said corre-
sponding needle end such that a portion of said toggle
bar protrudes from said corresponding needle end;

a movable member longitudinally movably mounted on
said central tube, each said needle coupled to said
movable member;

cach respective needle movably disposed and guided by a
corresponding needle retainer guide;
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an actuator coupled to said movable member, said actua-
tor adapted to longitudinally move said movable mem-
ber with respect to said central tube such that said
needles are substantially captured by said needle
retainer guides when said movable member 1s at a
proximal position, and said piercing needle ends move
over said cam when said movable member 1s at a distal
position.

2. A suture delivery system as claimed 1n claim 1 wherein
cach piercing needle end is substantially captured within a
corresponding needle retainer guide when said movable
member 1s 1n said proximal position, and wherein each
piercing needle end splays outward due to said cam when
said movable member 1s 1n said distal position.

3. A suture delivery system as claimed 1n claam 1 wherein
sald actuator includes a first user actuation surface, said first
user actuation surface being coupled to said movable
member, and wherein said central tube includes a second
user actuation surface, said second user actuation surface
being coupled to said central tube, said movable member
adapted to move longitudinally with respect to said central
tube via said first and second user actuation surfaces.

4. A suture delivery system as claimed 1n claim 1 wherein
said central tube includes a static actuation surface, said
static actuation surface being coupled to said central tube,
and said actuation surface including a finger tab.

5. A suture delivery system as claimed in claim 1 wherein
said actuator includes a dynamic actuation surface, said
dynamic actuation surface being coupled to said movable
member, and said dynamic actuation surface including a
finger actuation surface.

6. A suture delivery system as claimed in claim 1 wherein
sald actuator includes a first and a second actuation surface,
said first actuation surface being coupled to said movable
member, said first actuation surface including a finger actua-
tion surface, and said second actuation surface being
coupled to said central tube, said second actuation surface
including a finger tab.

7. A suture delivery system as claimed 1n claim 1 wherein
sald central tube includes a distal central tube end, said cam
being mounted at said distal tube end or spaced apart from
said distal tube end;

said needle retainer guides proximally mounted near said
cam;

said actuator including a first actuation surface, said first
actuation surface proximally mounted on said movable

member;

said central tube including a second actuation surface,
sald second actuation surface mounted on said central
tube such that said first and second actuation surfaces
are adapted to be moved relative to each other; and

said distal tube end and said piercing needle ends are
disposed substantially adjacent each other when said
movable member 1s at said distal position, and said
needle ends are substantially captured by said needle
retainer guides when said movable member 1s at said
proximal position.

8. A suture delivery system as claimed 1n claim 1 wherein
cach said respective needle has a hollow lumen, each said
respective needle having disposed therein a corresponding
filament body when said corresponding togele bar 1s dis-
posed at said respective needle end.

9. A suture delivery system as claimed 1n claim 8 wherein
sald actuator mncludes an actuation surface, said actuation
surface being coupled to said movable member, and each
respective needle having a proximal needle end through
which runs a corresponding filament such that said corre-
sponding filament body extends beyond said actuation sur-
face.
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10. A suture delivery system as claimed i claim 8
wherein said actuator includes an actuation surface defining,
exit ports, said actuation surface being coupled to said
movable member, and each respective needle having a
proximal needle end through which runs a corresponding
filament body, and said corresponding filament body extends
outboard through a respective actuation surface exit port.

11. A suture delivery system as claimed in claim 1
wherein each said needle end includes a respective slot
adapted to capture said toggle bar thereat, each said respec-
five toggle bar 1s either at an acute angle with respect to the
corresponding filament body such that said acute angle 1s in
said respective slot, or said toggle bar 1s normal with respect
to said corresponding filament body and said respective
toggle bar protrudes beyond the corresponding needle slot.

12. A suture delivery system as claimed i claim 1
wherein each said suture 1s made of one of a wire and a
suture thread.

13. A suture delivery system as claimed i claim 1
wherein each said needle end includes a respective slot
adapted to capture said toggle bar thereat, and wherein said
cach said toggle bar includes a catch element, said catch
clement 1s one of a leg, a tab, a protrusion, and an extension
from said toggle bar, said catch element coacts with said
respective slot on a corresponding needle.

14. A suture delivery system as claimed in claim 1
wherein said cam 1s an outboard protrusion having one
shape from the group including a spherical shape, an olive
shape, an oblong shape, a frustoconical shape, a convex
frustoconical shape, a concave frustoconical shape, a trian-
oular shape, a conical shape, an angled rib shape and a
distally truncated, continuously curved shape.

15. A suture delivery system as claimed i claim 1
wherein said movable member 1s biased with respect to said
central tube to place said movable member 1n said proximal
position thereby causing said needle ends to be substantially
captured by said needle retainer guides.

16. A suture delivery system as claimed in claim 1
including a biasing element intermediate said movable
member and said central tube, placing said movable member
in said proximal position thereby causing said needle ends to
be substantially captured by said needle retainer guides.

17. A suture delivery system as claimed in claim 1
wherein said central tube has a lumen, said system mcludes
a guide wire adapted to pass through said central tube lumen.

18. A suture delivery system as claimed m claim 1
wherein said two spaced apart needles are a first and second
needle having first and second piercing needle ends, said
first needle end 1s longitudinally offset from said second
needle end; and

wherein said first and second needle ends are substantially
captured by corresponding needle retainer guides at
said proximal position.

19. A suture delivery system as claimed 1n claim 1 further
comprising a locking member interposed between said cen-
tral tube and said movable member, said locking member
adapted to lock said position of said movable member
relative to said central tube.

20. A suture delivery system as claimed 1n claim 1 further
comprising an clongated flexible introducer disposed at a
distal end of said central tube.

21. A suture delivery system as claimed i claim 3
wherein said first user actuation surface includes a finger
actuation surface.

22. A suture deliver system as claimed in claim 21
wherein said second user actuation surface includes a finger

tab.
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23. A suture delivery system as claimed in claim 22
wherein said movable member 1s biased with respect to said
central tube to place said movable member 1n said proximal
position thereby causing said needle ends to be substantially
captured by said needle retainer guides.

24. A suture delivery system as claimed in claim 23
further comprising a locking member interposed between
said central tube and said movable member, said locking

member adapted to lock said position of said movable
member relative to said central tube.

25. A suture delivery system adapted to deliver two
sutures, cach said suture having a filament body with a
toggle bar on at least one terminal end thereof, comprising:

an elongated central tube, said central tube carrying two

needle retainer guides and a cam distally disposed on
said central tube;

two spaced apart needles with piercing needle ends, each
corresponding needle end adapted to carry a respective
suture with a respective toggle bar disposed on said
corresponding needle end such that a portion of said
toggle bar protrudes from said corresponding needle
end;

a movable member longitudinally movably mounted on
said central tube, each said needle coupled to said
movable member;

cach respective needle movably disposed and guided by a
corresponding needle retainer guide;

an actuator coupled to said movable member, said actua-
tor adapted to longitudinally move said movable mem-
ber with respect to said central tube such that said
needles are substantially captured by said needle
retainer guides when said movable member 1s at a
proximal position, and said piercing needle ends move

over said cam when said movable member 1s at a distal
position.

26. A suture delivery system as claimed in claim 23
wherein said actuator includes a first user actuation surface,
said first user actuation surface being coupled to said mov-
able member, and wherein said central tube includes a
second user actuation surface, said second user actuation
surface being coupled to said central tube, said movable
member adapted to move longitudinally with respect to said
central tube via said first and second user actuation surfaces.

27. A suture delivery system as claimed in claim 2§
wherein said central tube 1ncludes a static actuation surface,
said static actuation surface being coupled to said central
tube, and said actuation surface including a finger tab.

28. A suture delivery system as claimed in claim 25
wherein said actuator includes a dynamic actuation surface,
said dynamic actuation surface being coupled to said mov-
able member, and said dynamic actuation surface including
a finger actuation surface.

29. A suture delivery system as claimed in claim 23
wherein said movable member 1s biased with respect to said
central tube to place said movable member in said proximal
position thereby causing said needle ends to be substantially
captured by said needle retainer guides.

30. A suture delivery system as claimed in claim 2§
wherein said two spaced apart needles are a first and second
needle having first and second piercing needle ends, said
first needle end 1s longitudinally offset from said second
needle end; and

wherein said first and second needle ends are substantially
captured by corresponding needle retainer guides at
said proximal position.
31. A suture delivery system as claimed in claim 28§
further comprising an elongated flexible introducer disposed
at a distal end of said central tube.
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32. A suture delivery system as claimed in claim 25§
further comprising a locking member interposed between
said central tube and said movable member, said locking
member adapted to lock said position of said movable
member relative to said central tube.

33. A suture delivery system as claimed in claim 26
wherein said first user actuation surface includes a finger
actuation surface, said second user actuation surface
includes a finger tab, and said movable member 1s biased
with respect to said central tube to place said movable
member 1n said proximal position thereby causing said
needle ends to be substantially captured by said needle
retainer guides.

34. A suture delivery system comprising;

at least one suture, said at least one suture having a
filament body with at least one terminal end and a
toggle bar thereat;

an elongated central tube, said central tube carrying at
least one needle retainer guide and a cam distally
disposed on said central tube;

at least one needle with a piercing needle end, said needle
end carrying said filament body with said toggle bar
disposed on said needle end such that a portion of said
toggle bar protrudes from said needle end;

a movable member longitudinally movably mounted on
said central tube with said at least one needle coupled
to said movable member;

said at least one needle movably disposed and guided by
said at least one needle retainer guide;

an actuator coupled to said movable member, said actua-
tor adapted to longitudinally move said movable mem-
ber with respect to said central tube such that said at
least one needle 1s substantially captured by said at
least one needle retainer guide when said movable
member 1s at a proximal position, and said piercing
needle end moves over said cam when said movable
member 1s at a distal position.

35. A suture delivery system as claimed in claim 34
wherein said actuator includes a first user actuation surface,
said first user actuation surface being coupled to said mov-
able member, and wherein said central tube includes a
second user actuation surface, said second user actuation
surface being coupled to said central tube, said movable
member adapted to move longitudinally with respect to said
central tube via said first and second user actuation surfaces.

36. A suture delivery system as claimed in claim 34
wherein said central tube includes a static actuation surface,
said static actuation surface being coupled to said central
tube, and said actuation surface including a finger tab.

7. A suture delivery system as claimed in claim 34
wherein said actuator includes a dynamic actuation surface,
said dynamic actuation surface being coupled to said mov-
able member, and said dynamic actuation surface including
a finger actuation surface.

38. A suture delivery system as claimed in claim 34
wherein said movable member 1s biased with respect to said
central tube to place said movable member 1n said proximal
position thereby causing said at least one needle with a
piercing needle end to be substantially captured by said at
least one needle retainer guide.

39. A suture delivery system as claimed in claim 34
wherein said first user actuation surface includes a finger
actuation surface, said second user actuation surface
includes a finger tab, and said movable member 1s biased
with respect to said central tube to place said movable
member 1n said proximal position thereby causing said
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piercing needle end of said at least one needle to be
substantially captured by said at least one needle retainer
ouide.

40. A suture delivery system as claimed i claim 34
further comprising an elongated flexible introducer disposed
at a distal end of said central tube.

41. A suture delivery system as claimed in claim 34
further comprising a locking member interposed between
said central tube and said movable member, said locking
member adapted to lock said position of said movable
member relative to said central tube.

42. A suture delivery system as claimed in claim 34
wherein said filament body of said at least one suture
includes two terminal ends each having a respective toggle
bar thereat, the delivery system including two needles each
with a respective piercing needle end and including two
needle retainer guides, said needle retainer guides carried by
said central tube, each said respective toggle bar disposed on
a corresponding needle end wherein each said respective
piercing needle end moves over said cam when said mov-
able member 1s at said distal position.

43. A suture delivery system as claimed i claim 42
wherein said two needles are a first and second needle
having first and second piercing needle ends, said first
needle end 1s longitudinally offset from said second needle
end; and

wherein said first and second needle ends are substantially
captured by corresponding needle retainer guides at
said proximal position.

44. A method for embedding sutures 1n a vascular wall or
other biological substructure, each said suture having a
filament body with a toggle bar on 1ts terminal end, com-
prising the steps of:

providing at least two needles having piercing needle

ends;

retaining a respective toggle bar on a corresponding,
piercing needle end;

splaying said needles outward and forward towards and
into said vascular wall or other biological substructure;

setting, with said needles, said respective togele bar 1n
said vascular wall or other biological substructure with
its corresponding filament body leading outboard to a
proximal position; and

substantially covering said needle ends after said setting,

step.

45. A method as claimed 1n claim 44 wherein said needle
ends are substantially covered before said splaying step and
after said setting step.

46. Amethod as claimed in claim 44 wherein said method
for embedding said sutures 1n said vascular wall includes the
step of providing a blood flow path through said vascular
wall to a proximal position, said blood flow path being
indicative of a step of placement of said needles adjacent
said vascular wall, said placement step occurring prior to
said splaying step.

47. A method as claimed in claim 44 wherein said sutures
are embedded 1n said vascular wall, said method includes the
step of penetrating said vascular wall and positioning said
needle ends at said vascular wall prior to said splaying step.

48. Amethod as claimed 1n claim 44 including the step of
capturing said filament body during the steps of retaining,
splaying and setting.

49. A method as claimed 1n claim 44 including controlling,
of said splaying outward and forward movement of said
needles and providing an operator control therefor.

50. A method as claimed 1n claim 49 wherein said
controlling step 1s a manual step.
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51. A method as claimed 1n claim 44 wherein said step of
retaining said respective toggle bar on said corresponding
needle end includes the step of enabling protrusion of said
toggle bar beyond said corresponding needle end.

52. A method as claimed 1n claim 44 including the step of
biasing said needles to substantially cover said needle ends
other than during said splaying and setting steps.

53. A method as claimed 1n claim 44 wherein said step of
splaying includes the step of splaying said needle ends 1n a
longitudinally offsetting manner.

54. A method as claimed 1n claim 44 including the step of
cutting said filament body after said setting step.

55. Amethod as claimed 1n claim 45 wherein said method
for embedding sets sutures 1n said vascular wall and method
includes providing a blood flow path through said vascular
wall to a proximal position, said blood flow path being
indicative of a step of placement of said needles adjacent
said vascular wall, said placement step occurring prior to
said splaying step.

56. A method as claimed 1n claim 55 including controlling
of said splaying outward and forward movement of said
needles and providing an operator control therefor.

57. A method as claimed in claim 56 wherein said
controlling step 1s a manual step.

58. A method as claimed 1n claim 57 including the step of
biasing said needles to substantially cover said needle ends
other than during said splaying and setting steps.

59. A method as claimed 1n claim 58 wherein said step of
splaying mcludes the step of splaying said needle ends 1n a
longitudinally offsetting manner.

60. A method as claimed 1n claim 59 including the step of
cutting said filament body after said setting step.

61. A method for embedding sutures 1n a vascular wall or
other biological substructure, each said suture having a
filament body with a toggle bar on 1ts terminal end, com-
prising the steps of:

providing at least two needles having piercing needle
ends;
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retaining a respective toggle bar on a corresponding
piercing needle end with a portion of each respective
toggle bar protruding from its corresponding piercing
needle end;

extending said needles outward and forward towards and
into said vascular wall or other biological substructure;

setting, with said needles, said respective togele bar 1n
said vascular wall or other biological substructure with
its corresponding filament body leading outboard to a
proximal position; and

substantially covering said needle ends after said setting

step.

62. A method as claimed in claim 61 wherein said needle
ends are substantially covered before said extending step
and after said setting step.

63. A method as claimed 1n claim 61 including the step of
capturing said filament body during the steps of retaining,
extending and setting.

64. Amethod as claimed in claim 61 including controlling
of said extending outward and forward movement of said
needles and providing an operator control therefor.

65. A method as claimed in claim 64 wherein said
controlling step 1s a manual step.

66. A method as claimed 1n claim 61 including the step of
biasing said needles to substantially cover said needle ends
other than during said extending and setting steps.

67. A method as claimed 1n claim 61 wherein said step of
extending mncludes the step of extending said needle ends in
a longitudinally offsetting manner.

68. A method as claimed 1n claim 61 wherein said sutures
are embedded 1n said vascular wall, said method includes the
step of penetrating said vascular wall and positioning said
needle ends at said vascular wall prior to said splaying step.

69. A method as claimed 1n claim 61 including the step of
cutting said filament body after said setting step.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

